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CHAPTER 3 

RESULT 

 

3.1  Results of part 1 

3.1.1  Tensile-shear bond strength 

The tensile-shear bond strength values (in MPa), obtained in part 1, are displayed 

in table 2 and fig. 13.  Two-way ANOVA revealed that the tensile-shear bond strength 

between the post and composite core-build up material was significantly influenced 

by the type of post, type of plasma treatment, and their interaction (p<0.01) (table 3).  

Tukey’s test revealed significant differences between the control group and the other 

plasma treatment groups.  Besides, a significant difference in the tensile-shear bond 

strength was detected between the O2 and the other plasma treatment groups.  For the 

FRC posts, 1-way ANOVA revealed that all of the plasma treatments significantly 

influenced the tensile-shear bond strength when compared with the control group 

(p<0.05).  For the DT posts, only the Ar, N2 and He+N2 plasma treatments 

significantly influenced the tensile-shear bond strength when compared with the 

control group (p<0.05). 

 

Table 2  Means (MPa) ± s.d. of tensile-shear bond strength for all groups. 
 

 Treatment 
Type of post      

 Control  O2 Ar N2 He+N2 
FRC 13.85±0.6a 19.33±2.9b 20.32±2.6b 21.73±3.2b 22.80±2.6b 
DT 13.90±1.3c 13.67±1.8c 19.75±2.0d 17.60±2.4d 21.08±1.2d 

Different in alphabet denotes significant differences at p<0.05 

       Amongst all the plasma treatment groups, the He + N2 plasma treatment yield the 

highest tensile-shear bond strength for both types of posts.  Consequently, this plasma 

was used in part 2.  
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Table 3  Two-way ANOVA revealed p-value<0.01 for the type of the post (type), the 

type of plasma treatment (treatment), and their interactions (type*treatment)  

 

 

 

 

Figure  13  Tensile-shear bond strengths (in MPa) for all groups displayed in a 

box and whisker plot. 
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        3.1.2  Surface roughness 

        Table 4 shows the surface roughness results of the FRC and DT posts in all 

treatment groups.  Two-way ANOVA revealed that the average surface roughness on 

the surface of the post was significantly influenced by the type of post and type of 

plasma treatment, but not by their interaction.  Among all the treatment groups, 

Tukey’s test revealed significant differences in surface roughness between the control 

and the Ar treatment groups and between the O2 and Ar treatment groups.  For the 

FRC posts, 1-way ANOVA revealed no significant differences in surface roughness 

between any of the groups.  However, for the DT posts, there was a significant 

difference between the O2 and the Ar treatment groups. 

 

Table 4  Means (µm) ± s.d. of surface roughness calculated for all the treatment 

groups. 
 Treatment 
Type of post  
 Control  O2 Ar N2 He+N2 
FRC 0.83±0.06a 1.04±0.10a 1.23±0.16a 1.17±0.12a 0.96±0.06a 
DT 0.73±0.30b 0.70±0.26b 1.14±0.15c 0.93±0.15b,c 0.85±0.32b,c 

Different alphabet denotes significant differences at p<0.05 
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        3.1.3  Light microscopic analysis 

       Light microscopic images of the debonded specimens after the pull-out test 

demonstrated that mixed adhesive/cohesive failure at the composite core build-up 

material/post occurred in both types of posts (fig. 14).      

 

 
 

Figure  14  Light microscopic image of the debonded surfaces of FRC and DT posts: 

(a, b) debonded surfaces of FRC Postec: (c, d) debonded surface of DT Light-Post. 
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3.2  Results of part 2 

       3.2.1  Step 1 Gas pressure 

 The tensile-shear bond strength values (MPa), obtained in this step, were 

displayed in table 5 and fig. 15a, b.  For both FRC and DT post, 1-way ANOVA 

revealed that the tensile-shear bond strength between the post and composite core 

build-up material was not significantly influenced by the gas pressure (p<0.05).  

 

Table 5  Means (MPa) ± s.d. of  tensile-shear bond strength calculated for all gas  

pressure groups for FRC and DT post. 

                     Type of post 
 
Gas pressure (Pa) 

 
FRC 

 
DT 

2.7 21.55±3.41 20.97±2.70 

6.7 19.97±2.86 19.60±3.60 
13.3 21.00±3.23 20.73±4.64 
26.7 22.80±2.25 20.95±1.36 
40.0 21.47±3.19 20.27±1.79 

 

 

 
Figure  15a  Tensile-shear bond strengths (MPa) for all gas pressure groups for FRC 

post.  
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Figure  15b  Tensile-shear bond strengths (MPa) for all gas pressure groups for DT 

post. 

        Although there was no significant difference in tensile-shear bond strength 

between each gas pressure group, the gas pressure of 26.7 Pa was selected because of 

their highest tensile-shear bond strength between the FRCPs and the composite core 

build-up material and more reliable results when compared with the other groups. 
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       3.2.2  Step 2  Discharge power  

The tensile-shear bond strength values (MPa), obtained in this step, were 

displayed in table 6 and fig. 16a, b.  For both types of posts, 1-way ANOVA revealed 

that the tensile-shear bond strength between the post and composite core build-up 

material was not significantly influenced by discharge power (p<0.05).  

 

Table 6  Means (MPa) ± s.d. of tensile-shear bond strength calculated for all discharge 

power groups. 
Type of post 

Discharge  
power (W) 

 
FRC 

 
DT 

25 22.67±3.40 19.77±3.29 
50 22.80±2.25 21.08±1.16 
75 25.02±4.52 19.22±2.10 

 
 
 

 
 

Figure  16a  Tensile-shear bond strengths (MPa) for all discharge power groups 

for FRC post.  
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Figure  16b  Tensile-shear bond strengths (MPa) for all discharge power groups 

for DT post.  

 

The discharge power at 75 W and 50 W were selected for the FRC posts 

and the DT posts respectively because of their highest tensile-shear bond strength 

and the level of ion energy was suitable for the chemical structure of each type of 

post that will be discussed later.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



44 
 

       3.2.3  Step 3  Plasma treatment time 

       Table 7 and fig. 17a, b showed the tensile-shear bond strength of the FRC and DT 

posts in different plasma treatment time.  For both types of posts, 1-way ANOVA 

revealed that the tensile-shear bond strength was significantly influenced by plasma 

treatment time (p<0.05) (table 8 for FRC post, table 9 for DT post).  For the FRC 

posts, Tukey’s test revealed significant differences between the treatment time of 10 

minutes and the other groups except for the treatment time of 15 minutes.  For the DT 

posts, Tukey’s test revealed significant differences between the treatment time of 15 

minutes and the other groups except for the treatment time of 30 minutes. 

 

Table 7  Means (MPa) ± s.d. of tensile-shear bond strength calculated for all the 

treatment time groups. 

Type of post
Treatment 
time (minute) 

 
FRC 

 
DT 

3 23.48±3.08a 21.42±3.511 
5 23.10±3.45a 26.60±2.092 
10 29.37±3.36b 28.35±2.602 
15 25.53±1.40a,b 32.68±1.373 
30 24.02±2.88a 31.80±2.472,3 

Different in alphabet and number denote significant differences at p<0.05 

 

Table 8  One-way ANOVA revealed p-value<0.01 for FRC post in plasma treatment 

time groups. 
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Table 9  One-way ANOVA revealed p-value<0.001 for DT post in plasma treatment 

time groups.  

 
 

 

 

 
Figure  17a  Tensile shear bond strength (MPa) for all the treatment time groups for 

the FRC posts. 
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Figure  17b  Tensile shear bond strengths (MPa) for all the treatment time groups for  

the DT posts. 

 

        Based on  the results obtained in this study, it could be concluded that the most 

suitable parameters for He+N2 plasma treatment, including the gas pressure, the 

discharge power, and the treatment time were 26.7 Pa, 75 W, 10 minutes and 26.7 Pa, 

50 W, 15 minutes for the FRC posts and the DT posts respectively. 
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3.3  Results of  Fourier transform infrared spectroscopy (FTIR) for chemical 

analysis 

   Fig. 18a, b show the FTIR spectra of the untreated and treated FRC and DT posts 

respectively.  Fig. 19a, b revealed the EDX spectra for FRC and DT post.  For the 

FRC posts, there is no obvious difference between the spectra of the untreated post 

and the plasma-treated posts.  The possible reason is that nitrogen is one of the 

chemical components of the FRC post (UDMA and TGDMA components) and the 

new expected functional group on the plasma-treated post may also contain terminal 

nitrogen, thereby the FTIR spectra of them were not different.  However, EDX has 

shown the increasing of nitrogen element from 1.88 to 6.60 wt% after the post was 

treated by plasma.  With the small increasing in nitrogen, the differences of FTIR 

spectra between both of them may not be detected.  However, FTIR spectra have 

shown that both of them contained C-N bond (amines component) at the peak around 

1000-1350 cm-1 (a in fig. 18a).  For the DT posts, the chemical component of the 

polymer matrix is epoxy resin that is absolutely absence of nitrogen, so the spectra of 

plasma treated post showed the new peak of nitrogen bond. Peaks around 1000-1350 

cm-1, 1550 cm-1, and 3100-3500 cm-1 (a, b, and c in fig. 18b) can be assigned as C-N, 

N=O (nitro component), and N-H (primary and secondary amines and amides, stretch 

type) respectively.  In addition, EDX of plasma treated-DT post also revealed an 

increasing of nitrogen (from 0 to 3.76 wt%).  Based on these results, the induced 

functional group on the FRC and the DT posts that performed by He+N2 plasma 

treatment can be assumed as nitrogen functional group. 
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Figure 18a  FTIR spectra of the untreated post (above) and the plasma-treated post (below) of the FRC post.   

No significant different in spectra was found, peak around 1000-1350 cm-1 (a) can be assigned as C-N bond. 
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 Figure 18b   FTIR spectra of the untreated post (above) and the plasma treated post (below) of the DT posts. 

                    The new peaks appeared around 1000-1350 cm-1 (a), 1550 cm-1 (b), and 3100-3500 cm-1 (c) can be assigned as 
                    C-N, N=O, and N-H bonds respectively. 

 

49 



 

Figgure  19a  E

EDX s

EDX spect

EDX spectra

50

spectra of un

tra of plasm
 

a of the untr

ntreated FR

 

ma treated FR

reated and p
 

RC post 

RC post 

plasma-treaated FRC po

 

 

osts. 



 

 

 
Fiigure  19b  

EDX

EDX spec

EDX spectr

51

 spectra of u

 
ctra of plasm

ra of the un

       
untreated D
  
       

ma treated D

treated and 
 
 
 
 
 
 
 

DT post    

DT post 

plasma-treaated DT pos

 

 

sts. 



52 
 

3.4  Results of part 3 
 
3.4.1  Results of division 1:  Effect of plasma treatment time and hydrothermal 

storage condition 

The tensile-shear bond strength values (MPa) of all plasma treatment time groups 

in different storage conditions (room temperature and 37 °C deionized water for 7 

days) for FRC posts were displayed in table 10 and fig. 20.  Two-way ANOVA 

revealed that the tensile-shear bond strength was significantly influenced by the 

treatment time, the storage condition, and their interaction (p<0.05) (table 11).  

Tukey’s test revealed significant different in tensile-shear bond strength between the 

two conditions at the treatment time 3, 5, 10, 15, and 30 minutes (p<0.05).  In water 

storage condition at 37 oC, there were no significant differences in tensile-shear bond 

strength among all the treatment time groups. 

 

Table 10  Means (MPa) ± s.d. of the tensile-shear bond strength calculated for all 

treatment time groups in both storage conditions for the FRC posts. 
Storage condition 

 
Treatment time 

  
Room temp. (25 oC) In water 37 oC 

Control 13.85±0.63a 14.03±3.33a 
Plasma 30 sec 13.62±1.90a 13.17±1.97a 
Plasma 1 min 13.63±1.65a 13.85±1.60a 
Plasma 3 min 23.48±3.08b 14.95±1.56a 
Plasma 5 min 23.10±3.35b 14.75±2.08a 
Plasma 10 min 29.37±3.36c 13.58±1.40a 
Plasma 15 min 25.53±1.40b,c 11.75±8.83a 
Plasma 30 min 24.02±2.90b 13.48±1.43a 

Different alphabet denotes significant differences at p<0.05 
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Table 11  Two-way ANOVA revealed p-value<0.001 for plasma treatment time 

(time), storage condition (condition), and their interaction (time*condition) for FRC 

posts. 

 
 

 
Figure  20  Tensile-shear bond strengths (MPa) for all treatment time groups in both 
storage conditions for the FRC posts. 

 

       Table 12 and fig. 21 displayed the tensile-shear bond strength values (MPa) of all 

plasma treatment time groups for DT post.  Two-way ANOVA revealed that the 

tensile-shear bond strength was significantly influenced by the treatment time, the 

storage condition, and their interaction (p<0.05) (table 13).   Tukey’s test revealed 

significant different in tensile-shear bond strength among the two storage conditions 

at the treatment time 5, 10, 15, and 30 minutes (p<0.05).  There were significant 
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differences in tensile-shear bond strength between the control group and the treatment 

time groups at 30 seconds, 1, 3, 10, and 15 minutes which storage in 37 °C deionized 

water. 

 

Table 12  Means (MPa) ± s.d. of the tensile-shear bond strength calculated for all 

treatment time groups in both storage conditions for the DT posts. 
Storage condition 

 
 
Treatment time 

  
Room temp. (25 oC) In water 37  oC 

Control 13.90±1.26a 12.01±1.54a 
Plasma 30 sec 19.93±1.23b 19.06±3.34b 
Plasma 1 min 19.93±2.10b 19.62±3.37b,e 
Plasma 3 min 21.42±3.51b 19.83±3.33b,e 
Plasma 5 min 26.60±2.09c 16.90±3.52a,b 
Plasma 10 min 28.35±2.60c,d 21.78±2.03b,e 
Plasma 15 min 32.68±1.37d 24.25±1.00b,e 
Plasma 30 min 31.80±2.47c,d 17.05±2.7a,b 

Different alphabet denotes significant differences at p<0.05 

 

Table 13  Two-way ANOVA revealed p-value<0.001 for plasma treatment time 

(time), storage condition (condition), and their interaction (time*condition) for DT 

post.  
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Figure  21  Tensile-shear bond strengths (MPa) for all treatment time groups in both 

storage conditions for the DT posts. 
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3.4.2  Results of division 2:  Main factor of hydrothermal condition 

In this division, the results were divided into 2 sections. 

 

       3.4.2.1  Result of section 1: Thermal effect. 

       The tensile-shear bond strength values (MPa) for the control and treatment groups 

of FRC post which storage in 37 °C dry storage condition were displayed in table 14 

and fig. 22.  Two-way ANOVA revealed that the tensile-shear bond strength was 

significantly influenced by the plasma treatment, the storage temperature, and their 

interaction (p<0.05) (table 15).  Tukey’s test revealed no significant different between 

control group and plasma treatment time 10 and 30 minutes in dry storage condition.  

However, there were significant differences between plasma treatment time 10 and 30 

minutes that storage in room temperature and that storage in 37 oC dry condition.  

 

Table 14  Means (MPa) ± s.d. of the tensile-shear bond strength calculated for the 

control and all treatment groups for the FRC posts in section 1. 
Plasma 

 treatment 
Storage  
condition 

   

non 10 min 30 min 
   

Room temp (25 oC) 13.85±0.63a 29.37±3.36b 24.02±2.88c 

In chamber 37 oC 16.58±2.24a 15.17±2.76a 14.65±2.21a 

In water 37 oC 14.03±3.33a 13.58±1.40a 13.48±1.43a 

Different alphabet denotes significant differences at p<0.05 
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Table 15 Two-way ANOVA revealed p-value<0.001 for temperature (temp), plasma 

treatment (plasma Tx), and their interaction (plasmaTx* temp) for the FRC posts. 

 
 

 

 
Figure  22  Tensile-shear bond strengths (MPa) for the control and all treatment 

groups for the FRC posts in section 1. 

 

       Table 16 and fig. 23 displayed the tensile-shear bond strength values (MPa) for 

the control and all treatment groups for DT post in section 1.  Two-way ANOVA 

revealed that the tensile-shear bond strength was significantly influenced by the 

plasma treatment, the storage temperature, and their interaction (p<0.05) (Table 17).  

Tukey’s test revealed significant different between the plasma treatment time 15 and 

30 minutes that storage in room temperature and that storage in 37 oC dry condition.  
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Table  16  Means (MPa) ± s.d. of the tensile-shear bond strength calculated for the 

control and all treatment groups of the DT posts in section 1. 
Plasma  

treatment 
Storage  
condition 

   

non 15 min 30 min 
   

Room temp (25 oC) 13.90±1.26ad 32.68±1.37b 31.80±2.47b 

In chamber 37 oC 14.57±2.41ad 21.42±1.89c 20.17±0.95c 

In water 37 oC 12.01±1.54a 24.25±1.00c 17.05±2.79d 

Different alphabet denotes significant differences at p<0.05 

 

 

 

 

Table  17  Two-way ANOVA revealed p-value<0.001 for temperature (temp), 

plasma treatment (plasmatx), and their interaction (temp*plasmatx) for the DT 

posts. 
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Figure  23  Tensile-shear bond strengths (MPa) for the control and all treatment 

groups for the DT posts in section 1. 
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       3.4.2.2 Result of section 2:  Hydration effect. 

   The tensile-shear bond strength values (MPa) for all plasma treatment groups in 

different storage condition (dry and wet storage conditions) for FRC post were 

displayed in table 18 and fig. 24.  Two-way ANOVA revealed that the tensile-shear 

bond strength was not significantly influenced by the plasma treatment, the storage 

condition, and their interaction (p<0.05) (table 19).  

   

Table  18  Means (MPa) ± s.d. of the tensile-shear bond strength for plasma treatment 

time 10 and 30 minutes in 37 °C dry and 37 °C wet storage conditions for the FRC 

posts in section 2. 
Plasma  

treatment 
Storage condition 

  
10 min 30 min 

  
Dry (37 oC) 15.17 ±2.76 14.65± 2.21 
Wet (37 oC) 13.58 ±1.40 13.48 ±1.43 

 

 

 

Table  19  Two-way ANOVA reveal p-value>0.05 for plasma treatment (plasma Tx), 

storage condition (condi), and their interaction (plasmaTx*condi) for the FRC posts in 

section 2. 
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Figure  24  Tensile-shear bond strengths (MPa) for plasma treatment time 10 and 30 

minutes in 37 °C dry and 37 °C wet storage conditions for the FRC posts in section 2. 

 

       Table 20 and fig. 25 revealed the tensile-shear bond strength values (MPa) for all 

plasma treatment groups in different storage condition for DT post in section 2.  Two-

way ANOVA revealed that the tensile-shear bond strength was not significantly 

influenced by the storage condition (p<0.05), but it was significantly influenced by 

the plasma treatment and their interactions (p<0.05) (table 21).  Tamhane’s test 

revealed no significant different between the plasma treatment time 15 and 30 minutes 

that storage in 37 oC dry condition and that storage in 37 oC wet condition. 

  

Table 20  Means (MPa) ± s.d. of the tensile-shear bond strength for plasma treatment 

time 15 and 30 minutes in 37 oC dry and 37 oC wet storage conditions for the DT 

posts in section 2. 
Plasma  

treatment 
Storage condition 

  
15 min 30 min 

  
Dry (37 oC) 21.42±1.90 a,b 20.17±0.95a 
Wet (37 oC) 24.25±1.00b 17.05±2.79a 

Different alphabet denotes significant differences at p<0.05 
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Table  21  Two-way ANOVA reveal p-value>0.05 for storage condition (cond) but p-

value<0.05 for plasma treatment (plasmatx) and their interaction (plasmatx*cond) for 

the DT posts in section 2. 

 
 

 
Figure  25  Tensile-shear bond strengths (MPa) for plasma treatment time 15 and 30 

minutes in 37 oC dry and 37 oC wet storage conditions for the DT posts in section 2. 


